Edge-defined film-fed growth of thin silicon sheets by Kalejs, J. P. & Ettouney, H. M.
OF THIN SILICON SHEETS 
MOBlL SOLAR ENERGY CORP. 
H.M. Ettouney and J.P. Kalejs 
Thermal-Capillary Model 
5 75 
https://ntrs.nasa.gov/search.jsp?R=19850024130 2020-03-22T19:48:07+00:00Z
I 
' I  SILICON SHEET 
Model Description 
I) Flnlte Element Analyr l r  t o  Provlde: 
- Coupled Solutlonr for Heat Tranrfer and Capillarlty 
In  Three-Phase Domain of EFG Dle/Melt/Crystal. 
- Three Unknown Boundarler fo r  Crys ta l  Thickness, 
Melt /Sol ld,  Mel t /Gar  Interfaces. 
I) Two-Dimenslonal Navler -Stokes Flow Field 
i n  Die Top and Menlrcus ( Interface) Melts 
I) Dl f fu r lon  Equation Solutions 
fo r  Segrdgated Alumlnum Dopant 
Physics Is Best Explained for Growth Into Ambient 
a t  Uniform Surrounding Temperature 
Die Geometry 
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INLET FELT TEFPEPATURE, TD 
r MFLT RECOWS SIIPFRCOnLFn FOR 
Lo l l  D I E  TE4IPtKATURES 
Crystal Thickness Is Maintained Constant 
by Simultaneously Changing v and TD 
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Ambient Temperature Distribution Used 
for Comparison With Experiments 
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Comparison of Calculations and Measurements for 
Prediction of Thickness Variation With Pull Rate 
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Operating Region Predicted by Finite Element Analysis 
Dopant Segregation Effects 
Accurate Calculation of Dopant Segregation 
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Lateral Dopant Segregation 
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Aluminum Distribution Across Thickness of Si Sheet 
Surf ace-Tension-Driven Flow 
do AT* v = -  -
dT Cc 
Far rl&on rheet EFG: 
AT' - 1 - 2 0 ' ~  (model) 
do -0.2 dynrr/cm-K (Hardy) a =  
1 
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Summary 
Flt of W e  Ekmnt Modd Prodktkn to Experlmentd Data Achieved Foc: 
- t-Va R- 
- Growth Rate Units 
- Aknhun Dopant Segregation Dependence on 1, V,
~ e h o n d v e  Nature of M e  Element Model Demonstrated 
for Redkthg Process Varbbk Rela-, 
hterface Conflguratkm and Oopat Segregatkm 
IONLINEAR ANALYSIS OF )W)RPHOLOCIAL TRANSITIONS WRING 
D l  RECT IONAL SOL1 D l  F ICATl  ON TRACES EVOLUTION OF PUNAR 
l NTERFACE l NTO H: GHLY STRUCTURED CELLULAR AND 
DENDRITIC F O i X .  
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r ANALYS I s c m  INED F lnm-ELEHENT-HETHODS FOR SOLVI HG - 
EQUATION-SET FOR TRANSPORT AND WRPHOL06Y WITH NEW 
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FIRST TO PREDICT TRANSIT ION TO DEE? C E U S  
8 SWW FUMDARENTLL m D E  FOR REDUCTIOM O f  CELL WAVELENGTH 
FIRST TO EXPLAIN RQLE OF G R ~ l ~  B W D A R I E S  I N  ONSET OF 
CELLULAR STRUCTURE 
* ANALYSIS CAPANE O f  ?REDICTION OF ONSET OF W U D R I T I C  
GROWTH 
SILICON SHEET 
Two-Dimensional Model of Interface Morphology 
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Models for Studying Morphological Structure 
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I. FINITE a m  PROCRAN mu IDEALIZED C R O ~  INCLINED unwrn srsra 
HIS JUST BEE* CIXWLETED. RADIATIVE W P L I N C  EETUEE* I(ELt AN0 CR'ISTAL 
SURFACES I N  UIMIIYAY. 
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Sum. nary 
FINITE ELEMENT ANALYSIS I S  BEING USED ON TWO LENGTH SCALES 
TO UNDERSTAND CRYSTAL GROWTH OF T H I N  S I L I C O N  SHEETS. 
1. THERMAL-CAP I LLARY MODELS OF ENTIRE RIBBON- 
GROWTH SYSTEMS. DEMONSTRATED FOR EFG; 
MODEL PRESENTED FOR INCLINED-MENISCUS SYSTEM. 
2. ~IICROSCOP!C HODELIN6 OF MORPHOLOGICAL STRUCTURE 
OF MELT/SOLID INTERFACES BEYOND THE POINT OF 
L INEAR I N S T A B I L I T Y .  THE FORMATlON OF DEEP CELLS 
AND DENDRITES. APPLICATION TO SILICON SYSTEM IS 
UNDEAWAY. 
